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Abstract 
 
 
THE ROLE OF TRIBUTARIES IN STRUCTURING MUSSEL COMMUNITIES 
 
 
Cassie M. Vaughan 
 
Thesis Chair: Lance Williams, Ph.D. 
The University of Texas at Tyler 
May 2017 
Mussel species composition in tributaries compared to the river mainstem, and the influence of 
tributaries on the river mainstem of mussel communities, are poorly understood. This paper aims 
to understand differences in mussel habitat associations between tributaries and the Neches River 
mainstem and if the mussel communities are nested in tributaries. During the months June 
through October in 2016, 28 tributaries and 22 mainstem sites were surveyed in the Neches River 
using tactile time search. A total of 3,620 individuals were collected, of which 44.5% were 
collected from tributaries. However, only eight of the 28 tributaries contained mussels, while 
every mainstem site sampled had mussels. Entrenchment ratio and sinuosity appear to be the 
variables most correlated with mussel habitat association, indicating that tributary complexity 
positively influences mussel populations and abundances. Mussel communities were found to be 
significantly nested, and when combined with habitat associations, species that are habitat 
specialists are subsets of habitat generalists. 
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The role of tributaries in structuring mussel communities 
 
 
 
 
Introduction 
 
Freshwater mussels (Bivalvia: Unionidae) are a unique group of animals that play a vital 
role in the world’s ecosystems, such as aiding in nutrient cycling and storage, especially nitrogen 
and phosphorous (Atkinson et al. 2014). Of the 850 freshwater mussel species in the world, about 
300 exist in North America (Strayer et al. 2004), of which about 90 species are federally listed 
(U.S. Fish and Wildlife Service 2015). Approximately 50 species occur in Texas (Howells et al. 
1996), and 15 of those species are state-threatened (Texas Register 35 2010). One of the reasons 
why the populations of mussels are declining is because of human activities, such as dam 
construction and other river modification projects, which reduces suitable habitat, increases 
fragmentation and channelization, and contaminates water with harmful chemicals. This 
degradation of habitat is believed to be the cause of extinction for 25 mussel species in the 
United States from the early 1900s to 1990s (Haag 2012). 
Adult mussels are sessile animals, settling into the river substrate as juveniles freshly 
fallen from their fish host, and they may not be able to change locations for a more favorable 
habitat if conditions change (Haag 2012; Vaughn 2012). While many studies have tried to 
address what habitat variables are more suitable for mussels, we are instead given a broad 
generalization of favorable macro and microhabitat factors in which mussels can live (Haag 
2012). Although several species can persist in lentic systems, most prefer lotic systems, where 
the habitat is considered stable in drought and flooding conditions, has more habitat and 
substrate variability, and favorable water chemistry (such as high dissolved oxygen) (Atkinson et 
al. 2014; Haag and Warren 2008; Strayer 2008). 
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Most studies of mussel populations have been conducted in mid to large river systems, or 
in individual large tributaries, with few studies providing information about smaller tributaries 
and streams (Haag 2012). Only a handful of studies in the United States comprehensively 
surveyed mussels in tributaries. Two studies were conducted in Kansas and Alabama 
(Vanleeuwen and Arruda 2001; Gangloff et al. 2009), and two studies were conducted in Texas 
(Arnold et al. 2016; Vaughn 2012). Arnold et al. (2016) surveyed 41 sites on the tributaries of 
the Sabine River, of which only 17 had mussels; however, the authors did not describe habitat 
variables that could explain mussel presence/absence and distribution within these tributaries. 
Vaughn (2012) surveyed 14 streams in the Red River drainage of Oklahoma and Texas and 
found that local extinction rates exceeded local colonization rates, suggesting that habitat 
fragmentation (which inhibits the movement and ability of some host fish species to access ideal 
habitat areas) is a limiter to mussel population dispersal. As mussels require a fish host to 
complete their reproductive life cycle, the distribution of fish hosts may also explain the 
distribution of mussel populations (Schwalb et al. 2013; Vaughn and Taylor 2000). 
Taylor and Warren (2001) showed evidence that fishes of the Red River drainage exhibit 
nested subset patterns (Atmar and Patterson 1993). As extinction rate of fish assemblages 
increased, nestedness also increased; and as immigration rate increased, nestedness decreased. 
Nestedness (also known as nested subsets) is a measure of order and disorder where a species 
assemblage changes in a predictable extinction sequence the further they are from a species 
composition source pool (Atmar and Patterson 1993). Vaughn (2012) showed that mussel 
populations exhibited higher extinction rates than colonization rates, therefore more research is 
needed to determine if mussel assemblages are structured by nested subset populations. To my 
knowledge, there has not been a study that looked at nestedness for freshwater mussels. 
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Because information about the role of tributaries in structuring mussel assemblages is 
lacking, the objective of this study was to examine mussel communities in the mainstem and 
tributaries of the Neches River in Texas to determine: 1) habitat association for mussel 
communities in the tributaries versus the river mainstem, and 2) if mussel populations in 
tributaries were nested in relation to the river mainstem. 
 
 
Methods 
 
Site characteristics 
 
The study system selected was the Neches River in East Texas (Figure 1). The 
headwaters begin in Smith County, TX, thence flowing for 683 km into the Gulf of Mexico. Two 
dams impound the river resulting in two reservoirs: Lake Palestine in the upper Neches and B.A. 
Steinhagen Lake in the lower Neches. A third low-head dam (height of 2 meters) is located in the 
middle Neches. The Neches River has numerous small to large tributaries along the river 
continuum, making it an ideal system to study mussels in the river mainstem and its tributaries. 
Although frequent flooding is common in this river system, during the years 2015 and 2016 the 
Neches River experienced above average flooding with the highest annual discharge since 1946 
(3,273 cfs, 3,578 cfs, and 3,682cfs, respectfully; USGS, gauge 08033000 near Diboll, TX). The 
Neches River was sampled during the receding flood of 2016 in the months June through 
October. 
Site selection and data collection 
 
All sample sites were in the section of the river between Lake Palestine and B.A. 
Steinhagen Lake (as indicated in Fig. 1; detailed location of sites listed in Appendix A). 
Tributaries were selected by proximity to river access from bridge crossings and public boat 
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Figure 1: Map of the Neches River in Texas between Lake Palestine and B.A. Steinhagen Lake. Only the tributaries sampled are 
shown on the map. The black circles represent first sample locations for each mainstem and tributary sample sites. 
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ramps, as the main mode of transportation to sites was by kayak. Tributaries and mainstems were 
sampled by conducting timed, tactile surveys (Strayer and Smith 2003). In each timed survey, 
the number of mussel species and individuals captured was recorded and released back into the 
river. An occasional individual or shell was kept for species validation and/or confirmation. 
Dominant substrate type (clay, sand, woody debris, etc.) and any other physical characteristics 
(evidence of log jams, visual flow of water, etc.) of each site was also recorded. 
The first sample of each tributary started at least 40 meters from the mouth to reduce any 
bias of mainstem mussel movement into the tributaries. Because of the small size of the 
tributaries (width being approximately three meters), a 30-minute person-hour survey was 
conducted to determine presence/absence of mussels. If a mussel was found, then an additional 
30-minute person-hour was completed at the same site, for a full 1-person-hour. A second 
sample was conducted at least 40 meters from the first sample, with preference given towards 
habitat suitability (riffle, run, or shallow pool) and accessibility, for a full person-hour survey. If 
a new mussel species was recorded the above process was repeated for each additional site until 
no new mussel species was encountered. If no mussels were found in the first tributary sampling 
location and no evidence of mussel shells were found, then the survey of that tributary was 
concluded. 
When possible, each tributary had two mainstem samples, one below and one above the 
confluence, and sampled for one man-hour. If parts of the river channel were too deep to sample, 
the mainstem sites were picked from the first suitable habitat that was easily sampled, with an 
ideal distance from the confluence both downstream and downstream being at least 40 meters. 
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Data analysis 
 
To examine habitat association with mussel communities, soil layers (SSURGO 2.1), 
USGS national elevation dataset, and National Hydrology Dataset (NHD) layers were collected 
from the Natural Resources Conservation Service (NRCS) Geospatial Data Gateway website 
(https://gdg.sc.egov.usda.gov/GDGOrder.aspx). Total drainage area (TDA), stream distance from 
Lake Palestine (SD), sinuosity (calculated 50 meters upstream of the sample site), slope, and 
percent organic matter, clay, and silt were extracted using ArcMap 10.5 software (ESRI). 
Entrenchment ratio (ER) was calculated using ArcMap 10.5 and ImageJ (Schindelin et al. 2012). 
The methodology for determining total drainage area, sinuosity, and entrenchment ratio is 
discussed in Appendix B. Abundance data were square root transformed to normalize the data. 
To describe the relationship between habitat variables and mussel species associations a 
Canonical Correspondence Analysis (CCA) was used with the software package CANOCO 4.5 
(Ter Braak and Smilauer 2002). Monte Carlo permutation tests were run with 1,000 permutations 
on the full model to assess the probability that the model performed better than chance. 
Nestedness calculations were performed using Nestedness software program (Ulrich 
2006). I decided to use the metrics matrix temperature (MT), overlap and decreasing fills 
(NODF), and discrepancy (BR) because they test for species composition and species incidence 
within the matrix (Ulrich et al. 2009). MT is a modified version of the original nestedness model, 
nestedness temperature calculator (NTC) developed by Atmar and Patterson (1993). It measures 
nestedness by calculating distances of absences and presences above and below an isocline of a 
perfectly nested matrix (Rodríguez-Gironés and Santamaría 2006; Ulrich, Almeida-Neto, and 
Gotelli 2009). This produces a temperature gradient (T), where at T=0 the matrix is perfectly 
nested while at T=100 the matrix is completely random and not nested. NODF quantifies 
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whether less common species and assemblages are found as subsets of richer sites (Almeida- 
Neto et al. 2008). A high NODF value indicates nestedness. The BR index counts the number of 
species absences and presences that if removed from the matrix, would produce a perfectly 
nested matrix (Brualdi and Sanderson 1999). A low BR value indicates nestedness. To guard 
against Type I error, the null model Fixed-Fixed (FF) was used with all three matrices (Ulrich 
and Gotelli 2007). FF is a conservative model that constrains the matrix row and column totals, 
keeping the integrity of the original matrix. To quantify the metrics, I used Z-scores and index 
values; a negative Z-score and a low index value indicates a more nested matrix (Ulrich 2006; 
Ulrich and Gotelli 2007). All of the mainstem sites across the entire length of the river were 
condensed as a single site and treated as the source pool in the nestedness matrix. Tributaries that 
had at least one mussel present were condensed down to a single site, respectively. 
 
 
Results 
 
A total of 28 tributaries and 22 mainstem sites were sampled during the months of late 
June to early October in 2016. Of the 28 tributaries, only eight had mussels while all 22 
mainstem sites had mussels. A total of 3,620 mussel individuals were collected (Table 1). Of 
those individuals, 1,614 were collected from eight tributaries (44.5% of total), of which 1,093 
were collected from a single tributary (30.2% of total) (Appendix A, Table 4, Tributary 7). A 
total of 26 mussel species were collected, the most abundant being western pimpleback 
(Quadrula mortoni) (1,039 individuals), threeridge (Amblema plicata) (538 individuals), and 
bankclimber (Plectomerus dombeyanus) (363 individuals) (Table 1). Threeridge (404 
individuals), western pimpleback (324 individuals), and bankclimber (221 individuals) were the 
most abundant in tributary sites. Western pimpleback (715 individuals), pistolgrip (Tritogonia 
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Table 1: Total number of species caught in the Neches River. N signifies the total number of individuals caught, while Sites 
signifies the total number of sites where the species was found. An asterisk mark before a species name indicates a state-listed 
species. Species will be referenced by their Species Code in following figures. 
 
Total Number Caught 
 Total Tributaries Mainstem 
Species 
Code 
Species N Sites N Sites N Sites 
BC Bankclimber (Plectomerus dombeyanus) 363 20 221 5 142 15 
BL Bleufer (Potamilus purpuratus) 117 20 46 5 71 15 
CR Creeper (Strophitus undulatus) 1 1 1 1 0 0 
DT Deertoe (Truncilla truncata) 145 18 58 4 87 14 
FF Fawnsfoot (Truncilla donaciformis) 10 3 8 2 2 1 
FP Fragile papershell (Leptodea fragilis) 43 11 23 3 20 8 
GF Giant floater (Anodonta grandis) 28 14 13 6 15 8 
GM Gulf mapleleaf (Quadrula nobilis) 21 9 10 2 11 7 
LF Louisana fatmucket (Lampsilis hydiana) 84 12 49 4 35 8 
LP *Louisiana pigtoe (Pleurobema riddelli) 94 17 24 4 70 13 
LS Little spectaclecase (Villosa lienosa) 1 1 1 1 0 0 
PG Pistolgrip (Tritogonia verrucosa) 240 20 69 4 171 16 
PH Pondhorn (Uniomerus tetralasmus) 6 4 5 3 1 1 
PP Paper pondshell (Anodonta imbecillis) 2 1 2 1 0 0 
RP Rock pocketbook (Arcidens confragosu) 52 12 36 4 16 8 
SB *Sandbank pocketbook (Lampsilis satura) 27 13 2 1 25 12 
SH *Southern hickorynut (Obovaria arkansasensis) 16 6 10 3 6 3 
SM Southern mapleleaf (Quadrula apiculat) 71 12 49 4 22 8 
TH *Texas heelsplitter (Potamilus amphichaenus) 2 2 1 1 1 1 
TL Texas lilliput (Toxolasma texasensis) 4 2 3 1 1 1 
TP *Texas pigtoe (Fusconaia askewi) 126 15 3 2 123 13 
TR Threeridge (Amblema plicata) 538 20 404 4 134 16 
TW Three-horned wartyback (Obliquaria reflexa) 154 23 31 3 123 20 
WB Washboard (Megalonaias nervosa) 259 19 163 4 96 15 
WP Western pimpleback (Quadrula mortoni) 1039 26 324 5 715 21 
YS Yellow sandshell (Lampsilis teres) 177 21 58 4 119 17 
Total 3620 1614 2006 
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verrucosa) (171 individuals), and bankclimber (142 individuals) were the most abundant in the 
river mainstem sites. Five of the six state-listed East Texas mussel species were collected in this 
study: Louisiana pigtoe (Pleurobema riddelli), Texas pigtoe (Fusconaia askewi), sandbank 
pocketbook (Lampsilis satura), Texas heelsplitter (Potamilus amphichaenus), and the southern 
hickorynut (Obovaria arkansasensis). 
 
 
Habitat Associations 
 
The first two CCA axes showed a significant relationship (p<0.002) between mussel 
species and habitat variables, explaining 36.7% of the variance (Table 2). Tributaries were 
associated with axis 1 (λ=0.136) and weakly associated with axis 2 (λ=0.085), while mainstems 
were positively correlated with axis 2 and neutral in axis 1. Percent clay, organic matter (OM), 
and silt were positively associated with the second axis. Cedar Creek (TCeC) contained a high 
percentage of organic matter and was one of the two sites that the state listed Texas heelsplitter 
(Potamilus amphichaenus) was found (Figure 2). The Texas heelsplitter was also found in site 
M5, which was also correlated with organic matter but to a lesser degree. Louisiana pigtoes were 
negatively correlated with organic matter, and were typically found in gravel beds. Stream 
distance from Lake Palestine (SD) and total drainage area (TDA) were positively associated with 
both axes. State listed species Texas pigtoe (Fusconaia askewi) and sandbank pocketbook 
(Lampsilis satura) were typically found in larger tributaries with a larger drainage area. 
Entrenchment ratio (ER) and sinuosity were negatively correlated with both axes (Figure 
2). All seven sites (M14, M18, M19, M17, T4, T7, and TSC) located near Hwy 84 (Rusk, TX) 
were clustered together, with the majority being positively associated with entrenchment ratio 
and sinuosity with sites M14 and M18 being closer to the node of the graph. These sites also had 
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Figure 2: CCA analyses of habitat associations between species and sites. Habitat variables include percent organic matter 
(OM), percent clay (Clay), percent silt (Silt), stream distance (in meters) from Lake Palestine (SD), total drainage area (TDA), 
sinuosity (Sinuosity), and entrenchment ratio (ER). (A) Filled triangles indicate tributary sites, while open circles indicate 
mainstem sites. An envelope is drawn around both classes to show distinctions between habitat variables. Sites are referenced by 
their site code from Table 3: Condensed table of all sites sampled. Each coordinate site is referenced by its code name provided 
in the manuscript. GPS coordinate points for tributaries are indicated at first sample point and GPS coordinate points for 
mainstems are located at the upstream site of tributaries. (B) Species are referenced by their species code from Table 1. 
 
 
 
 
 
 
Table 2: Table summary of the CCA analyses of habitat associations with mussel species and sample sites of the Neches River. 
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the highest species richness (M14=16, M18=18, M19=15, M17=15, T4=16, T7=21, and 
TSC=18) of all the sites in this study, and contained 54.7% of all mussel individuals collected. 
The state listed southern hickorynut (Obovaria jacksoniana), was only found in this area (Figure 
2). 
 
 
Nestedness 
 
The resulting nestedness matrix consists of nine sites (the mainstem and eight tributaries 
that had mussels) and 26 mussel species (Figure 3). The matrix is highly nested across two of the 
three metrics. The matrix temperature (MT) was not significant despite the low temperature (T = 
13.11, Z-score = 1.7). NODF showed significant nestedness (NODF = 71.98, Z-score = -3.1, 
index value = -0.13) as well as BR (BR = 8, Z-score = -2.85, index value = -3.65). 
 
 
Discussion 
 
High entrenchment ratio appears to be an important association for several mussel 
species. Entrenchment ratio measures the connectedness of the river to its flood plain, which is 
important for energy dispersion in a flood event (Rosgen 1994). Sinuosity, which is a measure of 
curvature in a river channel, was positively correlated with entrenchment ratio in the CCA 
analyses. This pattern is consistent with Rosgen’s (1994) classification of natural rivers, where 
an increase in entrenchment ratio results in an increase of sinuosity because the river is more 
connected to its floodplain. However, with an increase in sinuosity there is also an increase in 
shear stress (Bryant 2016). High shear stress levels limit mussel abundance because high velocity 
causes sediment transport, dislodging mussels from the substrate and preventing settlement of 
juvenile mussel (Allen and Vaughn 2010). In this study, however, habitat association were 
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Figure 3: Nestedness matrix of mussels in the Neches River mainstem (M) and eight tributaries. The filled squares represent 
species presence in the site, while white squares represent species absence. The y-axis is species collected and x-axis is sites 
sampled. The total of rows and columns are shown. 
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positively correlated with high entrenchment ratio and sinuosity. An explanation for this could be 
the complexity of the sites with the highest values of entrenchment ratio and sinuosity. The sites 
below Hwy 84 (Near Rusk, TX; Appendix A) features a complex system of tributaries. 
Tributaries in this area are contributing to sediment deposition into the mainstem, which in turn 
slows down the velocity and decreases shear stress in flooding and spat events, increasing the 
floodplain connectivity (Bryant 2016). 
Floodplain connectivity could be especially important for glochidia encystment and 
juvenile dispersal. Data from previous studies showed evidence that glochidia encyst their fish 
host during a flood event and/or during the receding water level after a spat (Marshall 2014; 
Bertram 2015). If during high spates and shear stress the glochidia and freshly metamorphosed 
juveniles are unable to encyst and settle, then the area will have low mussel abundance. In an 
area similar to the sites located at Hwy 84 – where the complexity of tributaries and their 
influence on the mainstem slows down the velocity of the water and disperses energy – the shear 
stress could be minimal, allowing encystment and settlement of juvenile mussels. This could 
explain the rich mussel species abundance and high numbers of individuals. This complex 
system of tributaries could also explain the presence of the southern hickorynut, which was only 
found at Hwy 84 sites. While little is known about this state listed species, some studies have 
shown that the southern hickorynut is found in moderate to slow moving waters with silt and 
gravel substrate (Oesch 1984; Troia and Ford 2010). Our finding supported these observations 
with the additional analyses that showed the species is highly associated with entrenchment ratio 
and sinuosity. 
Downstream from Hwy 84, sites M9, M20, and M22 adjoin Davy Crockett National 
Forest (near Alto, TX and Wells, TX, respectfully; Appendix A, Figure 8) also had high mussel 
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abundance and stream complexity. Below Hwy 7 the river channel begins to braid and tributaries 
have an increase influence. With the added presence of protected National Forest, it is not 
surprising to find a high number of mussel species and individuals. However, unlike the sites 
near Hwy 84, entrenchment ratio and sinuosity are not highly associated; rather, these sites were 
associated with total drainage area size. This is because of the increase in tributaries and the fact 
that they are located in the middle reach of the Neches River and farther from the influence of 
Lake Palestine. It is possible that with an increase in drainage area, there is also an increase in 
sediment and/or woody debris deposition. The sandbank pocketbook has been found to occur in 
large rivers with moderate flow, with sandy substrate some gravel (Howells et al. 1996). To a 
lesser degree, Texas pigtoe and Texas lilliput are also associated with the same substrate types. 
The Texas pigtoe was historically found in a mixed substrate (e.g. gravel, sand) with the added 
erosion protection of woody debris and fallen trees, while the Texas lilliput is associated with 
backwater or protected pockets of slow moving water with mud and stable sand substrate 
(Howells et al. 1996). These species have also been found in sites that have more gravel and less 
organic matter, which is supported by my ordination analyses. 
In this study, deertoe, Louisiana pigtoe, and pistolgrip were almost always found in a 
gravel mixture substrate with very little organic matter. Oesch (1984) noted that he found deertoe 
in substrates ranging from mud to gravel in swift water. The pistolgrip has commonly been found 
in areas with stable substrates, such as riffles or runs that typically have gravel or other stable 
substrates (Oesch 1984; Stansbery 1965). The Texas heelsplitter was highly associated with 
organic matter, however this species was rare in this study, being found in only two sites: a 
tributary and mainstem high in organic matter (Cedar Creek and M5). While habitat  
requirements are poorly studied for this species, some reports have shown that the species prefers 
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slow moving water with mud and sand, and appears to be tolerant of impounded waters (Howells 
et al. 1996; Neck 1986). Cedar Creek and M5 both had a thick layer of mud underneath the layer 
of organic matter and were slow moving. 
Two of the three metrics showed significant nestedness of the matrix of mussel presence 
in the Neches River mainstem and tributaries. It should be noted that the matrix temperature 
(MT) showed significant nestedness for EE, EF, and FE null models in Nestedness (Appendix A, 
Table 6). Although MT is a classic model in determining nestedness, previous studies showed 
that the MT metric is not an accurate measurement of nestedness because of its liberal algorithms 
(Ulrich and Gotelli 2007). In contrast, the BR and NODF metrics are more conservative and less 
biased for matrix shape and fill. The Z-score produced by the BR index when used with the FF 
null model is least affected by matrix properties and size when compared to other indices, and 
because of its conservative nature, indicates a significant nested matrix less frequently than other 
metrics and null models (Ulrich and Gotelli 2007; Brualdi and Sanderson 1999). As a result, I 
feel confident in saying that the mussel communities in the tributaries of the Neches River are 
nested subsets of the mainstem mussel communities. 
In a perfectly nested community, the mainland would have all the species present. As 
predicted, the mainstem acting as the “mainland,” with all but two species being present. 
Tributaries that were nested within the mainstem, such as Tributary 7, Stills Creek, and Tributary 
4, were located at Hwy 84 and were some of the more abundant sites with a similar species 
composition to the mainstem. Cedar Creek is located just upstream from B.A. Steinhagen Lake, 
and was the next most abundant site for mussel species and individuals. Tributaries 10, 
Hurricane Creek, Shearwood Creek, and Larrison Creek had only a handful of mussel 
individuals and one to two species. In this study, only eight of the 28 tributaries contained 
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mussels. The lack of mussel presence in tributaries is not uncommon in East Texas river systems. 
Of 41 sites surveyed on the Sabine River, only 17 had mussels present (Arnold et al. 2016). 
In the nestedness matrix the giant floater was found in most sites, followed by the 
bluefer, bankclimber, and western pimpleback. Coincidently, these species are located around or 
close to the node in the CCA graph. This could suggest that species that are habitat generalists or 
require a wider range of habitat variables are found in more sites. The giant floater, though 
preferring sand and mud can be found in a wide variety of substrates (Oesch 1984; Howells et al. 
1996). Bleufers and western pimplebacks are also habitat generalists, and can be found in small 
to large water bodies, with slow to moderate flows, and sandy to gravel substrates. Bankclimbers 
are found in similar habitats, but closer to banks and in shallow waters. Rare species, such as the 
southern hickorynut and Texas heelsplitter, are habitat specialists which could explain why they 
are nested in fewer sites in the nestedness matrix. 
 
 
Conclusion 
 
Connectivity to the river floodplain is important for mussel persistence in the Neches 
River. Because of the complexity of the habitat and rich mussel abundance at Hwy 84, this area 
should be protected from potential anthropogenic influences that could possibly degrade and 
negatively impact mussels. The mussel communities are nested in the Neches River, and the 
patterns of this nestedness matrix are following the same trends that was seen in the CCA 
ordination graphs. Species that are habitat generalists have the potential to be found in more 
sites, while species that are habitat specialists are subsets of habitat generalists, and thus found in 
fewer sites. 
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Notes for further research 
 
Much research on the relationship of mussels in tributaries to those in the mainstem still 
needs to be done. To help best explain the patterns seen in this study, the nestedness of fish 
communities in the Neches River should also be examined, as well as habitat associations and 
geomorphic characteristics of the Neches River. The relationship between entrenchment ratio, 
sinuosity, and shear stress needs further research, especially for tributaries and their contributions 
the mainstem and the influence on mussel communities. Furthermore, extinction and 
colonization rates for both fish and mussels should be studied in Neches River to determine if 
they follow similar patterns of other studies (Taylor and Warren 2001; Vaughn 2012). From 
those data could a better understanding of how tributaries play a role in fish host and mussel 
species dynamics. Data collected from this project can be used in determining fish-host 
relationships (i.e., the hosts of mussels found in tributaries must also utilize those tributaries) and 
understanding how dam construction and landscape fragmentation affect mussel populations in 
tributaries. 
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Appendix A: Supplemental Information 
 
Table 3: Condensed table of all sites sampled. Each coordinate site is referenced by its code name provided in the manuscript. 
GPS coordinate points for tributaries are indicated at first sample point and GPS coordinate points for mainstems are located at 
the upstream site of tributaries. 
 
 
Date 
 
Year 
 
Site 
 
Water type 
Code 
Name 
 
Water Name 
 
Latitude 
 
Longitude 
 
Mussel Spp 
Number 
Individuals 
Person 
Hour 
27-Jun 2016 3315 Tributary T1 Tributary 1 31.94552 -95.4468 None 0 0.5 
28-Jun 2016 79 Tributary TWC Walnut Creek 31.89494 -95.4376 None 0 1 
42549 2016 79 Tributary T2 Tributary 2 31.90284 -95.4343 None 0 0.5 
1-Jul 2016 84 Tributary T3 Tributary 3 31.77432 -95.3970 None 0 1 
1-Jul 2016 84 Tributary T4 Tributary 4 31.77679 -95.3989 Rock pocketbook 7 3 
1-Jul 2016 84 Tributary T4 Tributary 4 31.77679 -95.3989 Louisiana pigtoe 2 3 
1-Jul 2016 84 Tributary T4 Tributary 4 31.77679 -95.3989 Pistolgrip 10 3 
1-Jul 2016 84 Tributary T4 Tributary 4 31.77679 -95.3989 Texas heelsplitter 1 (dead) 3 
1-Jul 2016 84 Tributary T4 Tributary 4 31.77679 -95.3989 Louisiana fatmucket 6 3 
1-Jul 2016 84 Tributary T4 Tributary 4 31.77679 -95.3989 Pondhorn 2 3 
1-Jul 2016 84 Tributary T4 Tributary 4 31.77679 -95.3989 Deertoe 1 3 
1-Jul 2016 84 Tributary T4 Tributary 4 31.77679 -95.3989 Giant Floater 2 3 
1-Jul 2016 84 Tributary T4 Tributary 4 31.77679 -95.3989 Southern mapleleaf 3 3 
1-Jul 2016 84 Tributary T4 Tributary 4 31.77679 -95.3989 Little  spectaclecase 1 3 
1-Jul 2016 84 Tributary T4 Tributary 4 31.77679 -95.3989 Western pimpleback 5 3 
1-Jul 2016 84 Tributary T4 Tributary 4 31.77679 -95.3989 Bleufer 1 3 
1-Jul 2016 84 Tributary T4 Tributary 4 31.77679 -95.3989 Three-horned wartyback 2 3 
1-Jul 2016 84 Tributary T4 Tributary 4 31.77679 -95.3989 Yellow sandshell 3 3 
1-Jul 2016 84 Tributary T4 Tributary 4 31.77679 -95.3989 Southern hickerynut 1 3 
1-Jul 2016 84 Tributary T4 Tributary 4 31.77679 -95.3989 Bankclimber 8 3 
1-Jul 2016 84 Tributary T4 Tributary 4 31.77679 -95.3989 Threeridge 12 3 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Pistolgrip 44 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Yellow sandshell 31 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Three-horned wartyback 25 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Southern mapleleaf 23 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Rock pocketbook 11 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Washboard 152 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Bleufer 17 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Bankclimber 173 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Western pimpleback 195 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Threeridge 339 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Fragile papershell 15 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Louisiana fatmucket 24 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Louisiana pigtoe 6 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Pondhorn 2 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Deertoe 14 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Texas pigtoe 2 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Sandbank pocketbook 2 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Fawnsfoot 6 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Giant Floater 2 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Southern hickerynut 8 7 
1-Jul and 25-Jul 2016 84 Tributary T7 Tributary 7 31.77169 -95.4022 Paper pondshell 2 7 
1-Jul 2016 84 Tributary T8 Tributary 8 31.77224 -95.4024 None 0 1 
5-Jul 2016 175 Tributary TFC Flat Creek 32.04404 -95.4219 None 0 0.75 
5-Jul 2016 175 Tributary T9 Tributary 9 32.03491 -95.4388 None 0 1 
5-Jul 2016 320 Tributary T10 Tributary 10 32.01954 -95.4249 Western pimpleback 6 1 
5-Jul 2016 320 Tributary T10 Tributary 10 32.01954 -95.4249 Three-horned wartyback 2 1 
5-Jul 2016 320 Tributary T10 Tributary 10 32.01954 -95.4249 Yellow sandshell 7 1 
5-Jul 2016 320 Tributary T10 Tributary 10 32.01954 -95.4249 Bleufer 1 1 
5-Jul 2016 320 Tributary T10 Tributary 10 32.01954 -95.4249 Giant Floater 1 1 
5-Jul 2016 320 Tributary T10 Tributary 10 32.01954 -95.4249 Bankclimber 4 1 
5-Jul 2016 320 Tributary T11 Tributary 11 32.01815 -95.4252 None 0 0.5 
5-Jul 2016 320 Tributary TCC Caddo Creek 32.01464 -95.4285 None 0 0.5 
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Table 3 cont.: Condensed table of all sites sampled. Each coordinate site is referenced by its code name provided in the 
manuscript. GPS coordinate points for tributaries are indicated at first sample point and GPS coordinate points for mainstems 
are located at the upstream site of tributaries. 
 
Date 
 
Year 
 
Site 
 
Water type 
Code 
Name 
 
Water Name 
 
Latitude 
 
Longitude 
 
Mussel Spp 
Number 
Individuals 
Person 
Hour 
12-Jul 2016 294 Tributary T12 Tributary 12 31.62596 -95.2759 None 0 1 
12-Jul 2016 294 Tributary T13 Tributary 13 31.62909 -95.2863 None 0 0.5 
13-Jul 2016 Dam near 354 Tributary T14 Tributary 14 31.83880 -95.4311 None 0 0.5 
18-Jul 2016 21 Tributary T15 Tributary 15 31.58080 -95.1674 None 0 0.5 
18-Jul 2016 21 Tributary TBC Box Creek 31.58165 -95.1797 None 0 0.5 
20-Jul 2016 1904 Tributary THC Hurricane Creek 31.82613 -95.4134 Giant Floater 1 0.5 
22-Jul 2016 Mitigation bank Tributary TPC Piney Creek 31.05894 -94.5623 None 0 0.5 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Western pimpleback 72 4 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Louisiana fatmucket 4 4 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Gulf mapleleaf 2 4 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Southern mapleleaf 7 4 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Deertoe 42 4 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Three-horned wartyback 4 4 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Bankclimber 34 4 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Bleufer 11 4 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Rock pocketbook 11 4 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Fragile papershell 3 4 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Threeridge 45 4 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Louisiana pigtoe 13 4 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Southern hickerynut 1 4 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Fawnsfoot 2 4 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Washboard 6 4 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Texas pigtoe 1 4 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Pistolgrip 7 4 
27-Jul 2016 84 Tributary TSC Stills Creek 31.76276 -95.4024 Creeper 1 4 
2-Aug 2016 2120 Tributary TTC Tailes Creek 31.73488 -95.3439 None 0 0.5 
8-Aug 2016 2829 Tributary TLC Larrison Creek 31.44715 -95.0448 Giant Floater 1 1.5 
12-Aug 2016 7 Tributary TBoC Bodan Creek 31.38733 -94.9567 None 0 0.5 
16-Aug and 8-Sept 2016 59 Tributary TCeC Cedar Creek 31.13788 -94.8212 Texas heelsplitter 1 6 
16-Aug and 8-Sept 2016 59 Tributary TCeC Cedar Creek 31.13788 -94.8212 Gulf mapleleaf 8 6 
16-Aug and 8-Sept 2016 59 Tributary TCeC Cedar Creek 31.13788 -94.8212 Rock pocketbook 7 6 
16-Aug and 8-Sept 2016 59 Tributary TCeC Cedar Creek 31.13788 -94.8212 Bleufer 16 6 
16-Aug and 8-Sept 2016 59 Tributary TCeC Cedar Creek 31.13788 -94.8212 Yellow sandshell 17 6 
16-Aug and 8-Sept 2016 59 Tributary TCeC Cedar Creek 31.13788 -94.8212 Threeridge 8 6 
16-Aug and 8-Sept 2016 59 Tributary TCeC Cedar Creek 31.13788 -94.8212 Western pimpleback 46 6 
16-Aug and 8-Sept 2016 59 Tributary TCeC Cedar Creek 31.13788 -94.8212 Washboard 3 6 
16-Aug and 8-Sept 2016 59 Tributary TCeC Cedar Creek 31.13788 -94.8212 Pistolgrip 8 6 
16-Aug and 8-Sept 2016 59 Tributary TCeC Cedar Creek 31.13788 -94.8212 Louisiana fatmucket 15 6 
16-Aug and 8-Sept 2016 59 Tributary TCeC Cedar Creek 31.13788 -94.8212 Fragile papershell 5 6 
16-Aug and 8-Sept 2016 59 Tributary TCeC Cedar Creek 31.13788 -94.8212 Southern mapleleaf 16 6 
16-Aug and 8-Sept 2016 59 Tributary TCeC Cedar Creek 31.13788 -94.8212 Deertoe 1 6 
16-Aug and 8-Sept 2016 59 Tributary TCeC Cedar Creek 31.13788 -94.8212 Bankclimber 2 6 
16-Aug and 8-Sept 2016 59 Tributary TCeC Cedar Creek 31.13788 -94.8212 Louisiana pigtoe 3 6 
16-Aug and 8-Sept 2016 59 Tributary TCeC Cedar Creek 31.13788 -94.8212 Giant Floater 3 6 
16-Aug and 8-Sept 2016 59 Tributary TCeC Cedar Creek 31.13788 -94.8212 Pondhorn 1 6 
8-Oct 2016 Hwy 255 Tributary TSB Sexton Branch 31.02107 -94.2616 None 0 0.5 
8-Oct 2016 Hwy 255 Tributary TSC Shearwood Creek 31.01431 -94.2380 Texas Lilliput 3 2 
8-Oct 2016 Hwy 255 Tributary TPaC Pamplin Creek 30.96318 -94.2444 None 0 0.5 
8-Oct 2016 Hwy 255 Tributary T16 Tributary 16 30.97042 -94.2423 None 0 0.5 
28-Jun 2016 79 Mainstem M1 Mainstem 1 31.89472 -95.4351 Giant Floater 3 1 
28-Jun 2016 79 Mainstem M1 Mainstem 1 31.89472 -95.4351 Bankclimber 1 1 
28-Jun 2016 79 Mainstem M1 Mainstem 1 31.89472 -95.4351 Bleufer 1 1 
28-Jun 2016 79 Mainstem M1 Mainstem 1 31.89472 -95.4351 Three-horned wartyback 1 1 
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Table 3 cont.: Condensed table of all sites sampled. Each coordinate site is referenced by its code name provided in the 
manuscript. GPS coordinate points for tributaries are indicated at first sample point and GPS coordinate points for mainstems 
are located at the upstream site of tributaries. 
 
Date 
 
Year 
 
Site 
 
Water type 
Code 
Name 
 
Water Name 
 
Latitude 
 
Longitude 
 
Mussel Spp 
Number 
Individuals 
Person 
Hour 
28-Jun 2016 79 Mainstem M1 Mainstem 1 31.89472 -95.4351 Western pimpleback 5 1 
28-Jun 2016 79 Mainstem M1 Mainstem 1 31.89472 -95.4351 Fragile papershell 1 1 
28-Jun 2016 79 Mainstem M1 Mainstem 1 31.89472 -95.4351 Texas pigtoe 1 1 
28-Jun 2016 79 Mainstem M2 Mainstem 2 31.90252 -95.4342 Western pimpleback 7 1 
28-Jun 2016 79 Mainstem M2 Mainstem 2 31.90252 -95.4342 Three-horned wartyback 2 1 
28-Jun 2016 79 Mainstem M2 Mainstem 2 31.90252 -95.4342 Yellow sandshell 1 1 
28-Jun 2016 79 Mainstem M2 Mainstem 2 31.90252 -95.4342 Bankclimber 2 1 
28-Jun 2016 79 Mainstem M2 Mainstem 2 31.90252 -95.4342 Pistolgrip 2 1 
5-Jul 2016 175 Mainstem M3 Mainstem 3 32.04396 -95.4224 Deertoe 4 2 
5-Jul 2016 175 Mainstem M3 Mainstem 3 32.04396 -95.4224 Bankclimber 1 2 
5-Jul 2016 175 Mainstem M3 Mainstem 3 32.04396 -95.4224 Threeridge 1 2 
5-Jul 2016 175 Mainstem M3 Mainstem 3 32.04396 -95.4224 Pistolgrip 3 2 
5-Jul 2016 175 Mainstem M3 Mainstem 3 32.04396 -95.4224 Fragile papershell 5 2 
5-Jul 2016 175 Mainstem M3 Mainstem 3 32.04396 -95.4224 Three-horned wartyback 4 2 
5-Jul 2016 175 Mainstem M3 Mainstem 3 32.04396 -95.4224 Western pimpleback 39 2 
5-Jul 2016 175 Mainstem M4 Mainstem 4 32.03579 -95.4382 Yellow sandshell 5 2 
5-Jul 2016 175 Mainstem M4 Mainstem 4 32.03579 -95.4382 Bleufer 5 2 
5-Jul 2016 175 Mainstem M4 Mainstem 4 32.03579 -95.4382 Western pimpleback 64 2 
5-Jul 2016 175 Mainstem M4 Mainstem 4 32.03579 -95.4382 Three-horned wartyback 32 2 
5-Jul 2016 175 Mainstem M4 Mainstem 4 32.03579 -95.4382 Fragile papershell 1 2 
5-Jul 2016 175 Mainstem M4 Mainstem 4 32.03579 -95.4382 Deertoe 1 2 
5-Jul 2016 175 Mainstem M4 Mainstem 4 32.03579 -95.4382 Southern hickerynut 3 2 
5-Jul 2016 175 Mainstem M4 Mainstem 4 32.03579 -95.4382 Giant Floater 1 2 
5-Jul 2016 175 Mainstem M4 Mainstem 4 32.03579 -95.4382 Bankclimber 2 2 
5-Jul 2016 175 Mainstem M4 Mainstem 4 32.03579 -95.4382 Washboard 1 2 
5-Jul 2016 320 Mainstem M5 Mainsteam 5 32.01966 -95.4252 Texas heelsplitter 1 1 
5-Jul 2016 320 Mainstem M5 Mainsteam 5 32.01966 -95.4252 Bankclimber 5 1 
5-Jul 2016 320 Mainstem M5 Mainsteam 5 32.01966 -95.4252 Bleufer 2 1 
5-Jul 2016 320 Mainstem M5 Mainsteam 5 32.01966 -95.4252 Giant Floater 3 1 
5-Jul 2016 320 Mainstem M5 Mainsteam 5 32.01966 -95.4252 Three-horned wartyback 1 1 
5-Jul 2016 320 Mainstem M5 Mainsteam 5 32.01966 -95.4252 Western pimpleback 2 1 
5-Jul 2016 320 Mainstem M5 Mainsteam 5 32.01966 -95.4252 Yellow sandshell 1 1 
5-Jul 2016 320 Mainstem M6 Mainstem 6 32.01809 -95.4255 Texas pigtoe 1 0.5 
5-Jul 2016 320 Mainstem M6 Mainstem 6 32.01809 -95.4255 Yellow sandshell 1 0.5 
12-Jul 2016 294 Mainstem M7 Mainstem 7 31.62495 -95.2772 Louisiana pigtoe 5 1.5 
12-Jul 2016 294 Mainstem M7 Mainstem 7 31.62495 -95.2772 Western pimpleback 88 1.5 
12-Jul 2016 294 Mainstem M7 Mainstem 7 31.62495 -95.2772 Yellow sandshell 1 1.5 
12-Jul 2016 294 Mainstem M7 Mainstem 7 31.62495 -95.2772 Sandbank pocketbook 5 1.5 
12-Jul 2016 294 Mainstem M7 Mainstem 7 31.62495 -95.2772 Texas pigtoe 19 1.5 
12-Jul 2016 294 Mainstem M7 Mainstem 7 31.62495 -95.2772 Threeridge 3 1.5 
12-Jul 2016 294 Mainstem M7 Mainstem 7 31.62495 -95.2772 Three-horned wartyback 2 1.5 
12-Jul 2016 294 Mainstem M7 Mainstem 7 31.62495 -95.2772 Deertoe 19 1.5 
12-Jul 2016 294 Mainstem M7 Mainstem 7 31.62495 -95.2772 Pistolgrip 19 1.5 
12-Jul 2016 294 Mainstem M7 Mainstem 7 31.62495 -95.2772 Gulf mapleleaf 2 1.5 
12-Jul 2016 294 Mainstem M7 Mainstem 7 31.62495 -95.2772 Bleufer 1 1.5 
12-Jul 2016 294 Mainstem M7 Mainstem 7 31.62495 -95.2772 Washboard 1 1.5 
18-Jul 2016 21 Mainstem M9 Mainstem 9 31.58113 -95.1791 Pistolgrip 14 2 
18-Jul 2016 21 Mainstem M9 Mainstem 9 31.58113 -95.1791 Threeridge 8 2 
18-Jul 2016 21 Mainstem M9 Mainstem 9 31.58113 -95.1791 Bankclimber 8 2 
18-Jul 2016 21 Mainstem M9 Mainstem 9 31.58113 -95.1791 Washboard 4 2 
18-Jul 2016 21 Mainstem M9 Mainstem 9 31.58113 -95.1791 Sandbank pocketbook 4 2 
18-Jul 2016 21 Mainstem M9 Mainstem 9 31.58113 -95.1791 Deertoe 5 2 
18-Jul 2016 21 Mainstem M9 Mainstem 9 31.58113 -95.1791 Louisiana fatmucket 1 2 
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18-Jul 2016 21 Mainstem M9 Mainstem 9 31.58113 -95.1791 Louisiana pigtoe 8 2 
18-Jul 2016 21 Mainstem M9 Mainstem 9 31.58113 -95.1791 Three-horned wartyback 7 2 
18-Jul 2016 21 Mainstem M9 Mainstem 9 31.58113 -95.1791 Texas pigtoe 44 2 
18-Jul 2016 21 Mainstem M9 Mainstem 9 31.58113 -95.1791 Western pimpleback 112 2 
18-Jul 2016 21 Mainstem M9 Mainstem 9 31.58113 -95.1791 Southern mapleleaf 1 2 
18-Jul 2016 21 Mainstem M9 Mainstem 9 31.58113 -95.1791 Giant Floater 1 2 
18-Jul 2016 21 Mainstem M9 Mainstem 9 31.58113 -95.1791 Bleufer 1 2 
18-Jul 2016 21 Mainstem M9 Mainstem 9 31.58113 -95.1791 Yellow sandshell 1 2 
20-Jul 2016 1904 Mainstem M11 Mainstem 11 31.82644 -95.4125 Threeridge 9 1 
20-Jul 2016 1904 Mainstem M11 Mainstem 11 31.82644 -95.4125 Bankclimber 17 1 
20-Jul 2016 1904 Mainstem M11 Mainstem 11 31.82644 -95.4125 Pistolgrip 8 1 
20-Jul 2016 1904 Mainstem M11 Mainstem 11 31.82644 -95.4125 Yellow sandshell 2 1 
20-Jul 2016 1904 Mainstem M11 Mainstem 11 31.82644 -95.4125 Western pimpleback 21 1 
20-Jul 2016 1904 Mainstem M11 Mainstem 11 31.82644 -95.4125 Southern mapleleaf 1 1 
20-Jul 2016 1904 Mainstem M11 Mainstem 11 31.82644 -95.4125 Louisiana pigtoe 6 1 
20-Jul 2016 1904 Mainstem M11 Mainstem 11 31.82644 -95.4125 Three-horned wartyback 1 1 
20-Jul 2016 1904 Mainstem M11 Mainstem 11 31.82644 -95.4125 Rock pocketbook 2 1 
20-Jul 2016 1904 Mainstem M11 Mainstem 11 31.82644 -95.4125 Sandbank pocketbook 1 1 
27-Jul 2016 84 Mainstem M14 Mainstem 14 31.76305 -95.4005 Pistolgrip 28 2 
27-Jul 2016 84 Mainstem M14 Mainstem 14 31.76305 -95.4005 Threeridge 32 2 
27-Jul 2016 84 Mainstem M14 Mainstem 14 31.76305 -95.4005 Washboard 13 2 
27-Jul 2016 84 Mainstem M14 Mainstem 14 31.76305 -95.4005 Bankclimber 12 2 
27-Jul 2016 84 Mainstem M14 Mainstem 14 31.76305 -95.4005 Bleufer 4 2 
27-Jul 2016 84 Mainstem M14 Mainstem 14 31.76305 -95.4005 Sandbank pocketbook 1 2 
27-Jul 2016 84 Mainstem M14 Mainstem 14 31.76305 -95.4005 Fragile papershell 4 2 
27-Jul 2016 84 Mainstem M14 Mainstem 14 31.76305 -95.4005 Gulf mapleleaf 2 2 
27-Jul 2016 84 Mainstem M14 Mainstem 14 31.76305 -95.4005 Southern mapleleaf 7 2 
27-Jul 2016 84 Mainstem M14 Mainstem 14 31.76305 -95.4005 Three-horned wartyback 13 2 
27-Jul 2016 84 Mainstem M14 Mainstem 14 31.76305 -95.4005 Deertoe 20 2 
27-Jul 2016 84 Mainstem M14 Mainstem 14 31.76305 -95.4005 Western pimpleback 66 2 
27-Jul 2016 84 Mainstem M14 Mainstem 14 31.76305 -95.4005 Rock pocketbook 1 2 
27-Jul 2016 84 Mainstem M14 Mainstem 14 31.76305 -95.4005 Louisiana fatmucket 1 2 
27-Jul 2016 84 Mainstem M14 Mainstem 14 31.76305 -95.4005 Southern hickerynut 2 2 
27-Jul 2016 84 Mainstem M14 Mainstem 14 31.76305 -95.4005 Louisiana pigtoe 5 2 
3-Aug 2016 84 Mainstem M14 Mainstem 14 31.76305 -95.4005 Texas pigtoe 2 2 
2-Aug 2016 2120 Mainstem M15 Mainstem 15 31.73427 -95.3447 Western pimpleback 7 1.5 
2-Aug 2016 2120 Mainstem M15 Mainstem 15 31.73427 -95.3447 Pistolgrip 11 1.5 
2-Aug 2016 2120 Mainstem M15 Mainstem 15 31.73427 -95.3447 Southern mapleleaf 2 1.5 
2-Aug 2016 2120 Mainstem M15 Mainstem 15 31.73427 -95.3447 Three-horned wartyback 6 1.5 
2-Aug 2016 2120 Mainstem M15 Mainstem 15 31.73427 -95.3447 Deertoe 1 1.5 
2-Aug 2016 2120 Mainstem M15 Mainstem 15 31.73427 -95.3447 Washboard 1 1.5 
2-Aug 2016 2120 Mainstem M15 Mainstem 15 31.73427 -95.3447 Bankclimber 3 1.5 
2-Aug 2016 2120 Mainstem M15 Mainstem 15 31.73427 -95.3447 Louisiana pigtoe 7 1.5 
2-Aug 2016 2120 Mainstem M15 Mainstem 15 31.73427 -95.3447 Texas pigtoe 5 1.5 
2-Aug 2016 2120 Mainstem M15 Mainstem 15 31.73427 -95.3447 Gulf mapleleaf 1 1.5 
2-Aug 2016 2120 Mainstem M15 Mainstem 15 31.73427 -95.3447 Sandbank pocketbook 1 1.5 
2-Aug 2016 2120 Mainstem M15 Mainstem 15 31.73427 -95.3447 Threeridge 1 1.5 
3-Aug 2016 84 Mainstem M17 Mainstem 17 31.77313 -95.3981 Louisiana pigtoe 1 2 
3-Aug 2016 84 Mainstem M17 Mainstem 17 31.77313 -95.3981 Giant Floater 2 2 
3-Aug 2016 84 Mainstem M17 Mainstem 17 31.77313 -95.3981 Yellow sandshell 2 2 
3-Aug 2016 84 Mainstem M17 Mainstem 17 31.77313 -95.3981 Louisiana fatmucket 6 2 
3-Aug 2016 84 Mainstem M17 Mainstem 17 31.77313 -95.3981 Deertoe 2 2 
3-Aug 2016 84 Mainstem M17 Mainstem 17 31.77313 -95.3981 Threeridge 14 2 
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Table 3 cont.: Condensed table of all sites sampled. Each coordinate site is referenced by its code name provided in the 
manuscript. GPS coordinate points for tributaries are indicated at first sample point and GPS coordinate points for mainstems 
are located at the upstream site of tributaries. 
 
Date 
 
Year 
 
Site 
 
Water type 
Code 
Name 
 
Water Name 
 
Latitude 
 
Longitude 
 
Mussel Spp 
Number 
Individuals 
Person 
Hour 
3-Aug 2016 84 Mainstem M17 Mainstem 17 31.77313 -95.3981 Sandbank pocketbook 1 2 
3-Aug 2016 84 Mainstem M17 Mainstem 17 31.77313 -95.3981 Bleufer 7 2 
3-Aug 2016 84 Mainstem M17 Mainstem 17 31.77313 -95.3981 Western pimpleback 19 2 
3-Aug 2016 84 Mainstem M17 Mainstem 17 31.77313 -95.3981 Pistolgrip 15 2 
3-Aug 2016 84 Mainstem M17 Mainstem 17 31.77313 -95.3981 Washboard 25 2 
3-Aug 2016 84 Mainstem M17 Mainstem 17 31.77313 -95.3981 Three-horned wartyback 4 2 
3-Aug 2016 84 Mainstem M17 Mainstem 17 31.77313 -95.3981 Bankclimber 23 2 
3-Aug 2016 84 Mainstem M17 Mainstem 17 31.77313 -95.3981 Rock pocketbook 7 2 
3-Aug 2016 84 Mainstem M17 Mainstem 17 31.77313 -95.3981 Pondhorn 1 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Sandbank pocketbook 2 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Louisiana fatmucket 2 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Washboard 5 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Bleufer 3 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Three-horned wartyback 3 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Giant Floater 2 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Western pimpleback 13 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Fragile papershell 5 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Southern hickerynut 1 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Deertoe 3 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Yellow sandshell 7 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Threeridge 16 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Bankclimber 10 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Louisiana pigtoe 8 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Pistolgrip 16 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Gulf mapleleaf 2 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Southern mapleleaf 3 2 
3-Aug 2016 84 Mainstem M18 Mainstem 18 31.77420 -95.3985 Rock pocketbook 1 2 
3-Aug 2016 84 Mainstem M19 Mainstem 19 31.77495 -95.3979 Yellow sandshell 2 2 
3-Aug 2016 84 Mainstem M19 Mainstem 19 31.77495 -95.3979 Threeridge 11 2 
3-Aug 2016 84 Mainstem M19 Mainstem 19 31.77495 -95.3979 Southern mapleleaf 6 2 
3-Aug 2016 84 Mainstem M19 Mainstem 19 31.77495 -95.3979 Bleufer 2 2 
3-Aug 2016 84 Mainstem M19 Mainstem 19 31.77495 -95.3979 Bankclimber 18 2 
3-Aug 2016 84 Mainstem M19 Mainstem 19 31.77495 -95.3979 Deertoe 2 2 
3-Aug 2016 84 Mainstem M19 Mainstem 19 31.77495 -95.3979 Washboard 25 2 
3-Aug 2016 84 Mainstem M19 Mainstem 19 31.77495 -95.3979 Pistolgrip 14 2 
3-Aug 2016 84 Mainstem M19 Mainstem 19 31.77495 -95.3979 Western pimpleback 26 2 
3-Aug 2016 84 Mainstem M19 Mainstem 19 31.77495 -95.3979 Three-horned wartyback 5 2 
3-Aug 2016 84 Mainstem M19 Mainstem 19 31.77495 -95.3979 Louisiana pigtoe 4 2 
3-Aug 2016 84 Mainstem M19 Mainstem 19 31.77495 -95.3979 Sandbank pocketbook 1 2 
3-Aug 2016 84 Mainstem M19 Mainstem 19 31.77495 -95.3979 Texas pigtoe 1 2 
3-Aug 2016 84 Mainstem M19 Mainstem 19 31.77495 -95.3979 Louisiana fatmucket 1 2 
3-Aug 2016 84 Mainstem M19 Mainstem 19 31.77495 -95.3979 Giant Floater 1 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Pistolgrip 13 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Washboard 4 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Louisiana pigtoe 18 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Louisiana fatmucket 2 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Bleufer 7 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Gulf mapleleaf 2 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Fawnsfoot 2 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Three-horned wartyback 9 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Texas pigtoe 31 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Yellow sandshell 4 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Threeridge 11 2 
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Table 3 cont.: Condensed table of all sites sampled. Each coordinate site is referenced by its code name provided in the 
manuscript. GPS coordinate points for tributaries are indicated at first sample point and GPS coordinate points for mainstems 
are located at the upstream site of tributaries. 
 
Date 
 
Year 
 
Site 
 
Water type 
Code 
Name 
 
Water Name 
 
Latitude 
 
Longitude 
 
Mussel Spp 
Number 
Individuals 
Person 
Hour 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Bankclimber 4 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Western pimpleback 32 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Sandbank  pocketbook 3 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Giant Floater 2 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Texas lilliput 1 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Rock pocketbook 1 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Southern mapleleaf 1 2 
8-Aug 2016 2829 Mainstem M20 Mainstem 20 31.44816 -95.0473 Deertoe 21 2 
12-Aug 2016 7 Mainstem M22 Mainstem 22 31.38723 -94.9592 Western pimpleback 52 1.5 
12-Aug 2016 7 Mainstem M22 Mainstem 22 31.38723 -94.9592 Washboard 2 1.5 
12-Aug 2016 7 Mainstem M22 Mainstem 22 31.38723 -94.9592 Rock pocketbook 1 1.5 
12-Aug 2016 7 Mainstem M22 Mainstem 22 31.38723 -94.9592 Threeridge 11 1.5 
12-Aug 2016 7 Mainstem M22 Mainstem 22 31.38723 -94.9592 Louisiana fatmucket 20 1.5 
12-Aug 2016 7 Mainstem M22 Mainstem 22 31.38723 -94.9592 Fragile papershell 2 1.5 
12-Aug 2016 7 Mainstem M22 Mainstem 22 31.38723 -94.9592 Yellow sandshell 75 1.5 
12-Aug 2016 7 Mainstem M22 Mainstem 22 31.38723 -94.9592 Louisiana pigtoe 2 1.5 
12-Aug 2016 7 Mainstem M22 Mainstem 22 31.38723 -94.9592 Bleufer 25 1.5 
12-Aug 2016 7 Mainstem M22 Mainstem 22 31.38723 -94.9592 Southern mapleleaf 6 1.5 
12-Aug 2016 7 Mainstem M22 Mainstem 22 31.38723 -94.9592 Three-horned wartyback 6 1.5 
12-Aug 2016 7 Mainstem M22 Mainstem 22 31.38723 -94.9592 Deertoe 3 1.5 
12-Aug 2016 7 Mainstem M22 Mainstem 22 31.38723 -94.9592 Gulf mapleleaf 1 1.5 
12-Aug 2016 7 Mainstem M22 Mainstem 22 31.38723 -94.9592 Texas pigtoe 1 1.5 
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Table 4: Summary of mussel species collected in all sites sampled. Mussels are referenced by their code name provided in the 
manuscript. Sites are referenced by site code from Table 3 in Appendix A. 
 
Sites BC BL CR DT FF FP GF GM LF LP LS PG PH PP RP SB SH SM TH TL TP TR TW WB WP YS # Individuals # Species 
T1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
TWC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T4 8 1 0 1 0 0 2 0 6 2 1 10 2 0 7 0 1 3 0 0 0 12 2 0 5 3 66 16 
T7 173 17 0 14 6 15 2 0 24 6 0 44 2 2 11 2 8 23 0 0 2 339 25 152 195 31 1093 21 
T8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
TFC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T10 4 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 6 7 21 6 
T11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
TCC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
TBC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
THC 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
TPC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
TSC 34 11 1 42 2 3 0 2 4 13 0 7 0 0 11 0 1 7 0 0 1 45 4 6 72 0 266 18 
TTC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
TLC 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 1 
TBoC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
TCeC 2 16 0 1 0 5 3 8 15 3 0 8 1 0 7 0 0 16 1 0 0 8 0 3 46 17 160 17 
TSB 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
TShC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 3 1 
TPaC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
T16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M1 1 1 0 0 0 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 5 0 13 7 
M2 2 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2 7 1 14 5 
M3 1 0 0 4 0 5 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 1 4 0 39 0 57 7 
M4 2 5 0 1 0 1 1 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 32 1 64 5 115 10 
M5 5 2 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 2 1 15 7 
M6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 2 2 
M7 0 1 0 19 0 0 0 2 0 0 0 19 0 0 0 5 0 0 0 0 19 3 2 1 88 1 160 11 
MR8 0 3 0 1 0 0 0 0 0 0 0 15 0 0 0 1 0 0 0 0 2 1 2 1 12 0 38 9 
M9 8 1 0 5 0 0 1 0 1 8 0 14 0 0 0 4 0 1 0 0 44 8 7 4 112 1 219 15 
MR10 5 0 0 0 0 0 0 0 0 6 0 4 0 0 1 0 0 0 0 0 1 2 2 1 20 1 43 10 
M11 17 0 0 0 0 0 0 0 0 6 0 8 0 0 2 1 0 1 0 0 0 9 1 0 21 2 68 10 
MR12 31 1 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 2 0 0 0 4 7 6 24 4 82 10 
MR13 0 7 0 0 0 1 0 0 2 0 0 0 0 0 0 4 0 0 0 0 0 1 2 0 66 9 92 8 
M14 12 4 0 20 0 4 0 2 1 5 0 28 0 0 1 1 2 0 0 0 2 32 13 13 66 0 206 16 
M15 3 0 0 1 0 0 0 1 0 7 0 11 0 0 0 1 0 2 0 0 5 1 6 1 7 0 46 12 
MR16 0 0 0 3 0 0 0 0 0 1 0 3 0 0 0 0 0 0 0 0 3 0 3 0 22 2 37 7 
M18 10 3 0 3 0 5 2 2 2 8 0 16 0 0 1 2 1 3 0 0 0 16 3 5 13 7 102 18 
M19 18 2 0 2 0 0 1 0 1 4 0 14 0 0 0 1 0 6 0 0 1 11 5 25 26 2 119 15 
M17 23 7 0 2 0 0 2 0 6 1 0 15 1 0 7 1 0 0 0 0 0 14 4 25 19 2 129 15 
M20 4 7 0 21 2 0 2 2 2 18 0 13 0 0 1 3 0 1 0 1 31 11 9 4 32 4 168 19 
MR21 0 2 0 2 0 1 0 1 0 2 0 5 0 0 2 1 0 0 0 0 12 9 13 5 18 1 74 14 
M22 0 25 0 3 0 2 0 1 20 2 0 0 0 0 1 0 0 6 0 0 1 11 6 2 52 75 207 14 
Total 363 117 1 145 10 43 28 21 84 94 1 240 6 2 52 27 16 71 2 4 126 538 154 259 1039 177 3620  
# Occurances 20 20 1 18 3 11 14 9 12 17 1 20 4 1 12 13 6 12 2 2 15 20 23 19 26 21   
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Figure 4: Sampling locations off of Hwy 175 and County Rd 320, just below Lake Palestine. The circles represent the first 
sample of each mainstem and tributary site, and the squares are the entry points into the Neches River from the roads. Jordan 
Creek (line drawn from NHDH layer) splits off into Tributaries 10 and 11, but only Tributary 10 was included in nestedness 
analyses. 
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Figure 5: Sampling locations off of County Roads 335, 354, and 1904 and Highway 79. The circles represent the first sample of 
each mainstem and tributary site, and the squares are the entry points into the Neches River from the roads. The green rectangle 
represents the approximate location of the Neches River National Wildlife Refuge. 
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Figure 6: Sampling locations located just below Hwy 84 The circles represent the first sample of each mainstem and tributary 
site, and the squares are the entry points into the Neches River from the highway. 
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Figure 7: Sampling locations off of County Rd 2120 (Cherokee Hunting Club) and Highway 294. The circles represent the first 
sample of each site, and the squares represents the entry point into the Neches River from the roads. 
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Figure 8: Sampling locations off of Highways 21 and 7. The circles represent the first sample of each mainstem and tributary 
site, and the squares are the entry points into the Neches River from the roads. The Davy Crockett National Forest is on the west 
side of the Neches River, as indicated by the green rectangle. 
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Figure 9: Sampling locations off of Highways 59 and 255, and Wildwood Mitigation Bank river access just above B.A. 
Steinhagen Lake. The circles represent the first sample of each mainstem and tributary site, and the squares are the entry points 
into the Neches River from the roads. 
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Table 5: Summary of habitat data for each mainstem (M) and tributary (T) site that contained mussels. Stream distance (SD) is 
calculated in meters, and total drainage area (TDA) is calculated in square meters. 
 
 
Site Percent 
Clay 
Percent 
OM 
Percent 
Silt 
Entrenchment 
Ratio (ER) 
 
Sinuosity 
Stream 
Distance 
(SD) 
Total 
Drainage 
Area (TDA) 
T4 26.7 0.89 38.2 1.437 1.23 60257 508063.3459 
T7 26.7 0.89 38.2 2.492 1.19 60723 1642057.082 
THC 26.7 0.89 38.2 1.202 1.07 49629 269217952.9 
TSC 26.7 0.89 38.2 2.09 1.11 63570 144443342.5 
TLC 31.5 0.69 24.9 1.203 4.17 172647 153720617.9 
TCeC 44.6 1.29 44.7 1.175 1.21 250116 33426563.5 
TShC 12.5 0.84 17.2 1.671 1.72 357568 32388293.86 
M1 11.9 0.96 18.5 1.263 1.52 31961 2967189987 
M3 26.7 0.89 38.2 1.042 1.3 1686 2282246876 
M4 26.7 0.89 38.2 1.433 1.2 4255 2286004273 
M5 26.7 0.89 38.2 1.149 1.15 6822 2287884510 
M6 26.7 0.89 38.2 1.185 1.4 7129 2335437493 
M7 31.5 0.69 24.9 1.06 1.1 109571 4193037852 
MR8 22.7 0.59 37.4 1.322 1.1 111001 4196947730 
M9 31.5 0.69 24.9 1.144 1.1 131931 4884662915 
MR10 22.7 0.59 37.4 1.049 1.46 49031 3034845604 
M11 22.7 0.59 37.4 1.245 1.83 49629 3032994252 
MR12 26.7 0.89 38.2 1.032 1.67 48908 3034748005 
MR13 44.6 1.29 44.7 1.343 1.4 290792 7601407455 
M14 26.7 0.89 38.2 1.612 2.03 63570 3484150972 
M15 22.7 0.59 37.4 1.428 1.06 79719 3796492788 
MR16 22.7 0.59 37.4 1.505 2.64 80480 3796492788 
M18 26.7 0.89 38.2 2.051 1.81 60257 3338345714 
M19 31.5 0.69 24.9 2.663 1.15 59994 3338277806 
M17 26.7 0.89 38.2 1.548 4.99 60723 3338875440 
M20 31.5 0.69 24.9 1.221 1.26 172647 5647861168 
MR21 31.5 0.69 24.9 1.339 1.85 173192 5651278174 
M22 44.6 1.29 44.7 1.128 1.55 191654 5800305771 
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Table 6: Summary of nestedness calculations using different software packages, metrics, null models, and statistical values. The 
bolded lines are metrics used in nestedness analyses in the paper. Because of the small and unequal matrix size of the data, 
several other null models, indices, and nestedness software packages were used (BINMATNEST, Rodríguez-Gironés and 
Santamaría 2006; vegan package in R, Oksanen et al. 2016; ANINHADO, Guimarães and Guimarães 2006) to eliminate any 
potential biases from the metrics and null models. 
 
Software Metric Null model Statistic Z-Value SES Index p-value Nested? 
vegan in R MT r00 (EE) 13.507 - -6.6611 - 0.01 Yes 
vegan in R MT r0 (FE) 13.542 - -8.2483 - 0.01 Yes 
vegan in R MT r1 (FC or FP) 13.507 - -2.0732 - 0.01 Yes 
vegan in R NODF r00 (EE) 70.546 - 13.187 - 0.01 Yes 
vegan in R NODF r0 (FE) 70.546 - 15.506 - 0.01 Yes 
vegan in R NODF r1 (FC or FP) 70.546 - 2.04 - 0.03 Yes 
ANINHADO MT ER 11.59 - - - 0.00 Yes 
ANINHADO MT CE 11.59 - - - 0.00 Yes 
ANINHADO NODF ER 46.13 - - - 0.00 Yes 
ANINHADO NODF CE 46.13 - - - 0.00 Yes 
BINMATNEST MT - 9.47 - - - 0.00 Yes 
Nestedness N1 EE 15 -7.67 - -49 - Yes 
Nestedness N1 EF 15 -3.31 - -12.5 - Yes 
Nestedness N1 FE 15 -8.77 - -48.9 - Yes 
Nestedness N1 FF 15 -0.46 - -1 - Yes 
Nestedness MT EE 10.65 -7.76 - - - Yes 
Nestedness MT EF 10.65 -3.53 - - - Yes 
Nestedness MT FE 10.65 -9.41 - - - Yes 
Nestedness MT FF 13.11 1.7 - - - No 
Nestedness NODF EE 71.98 9.66 - 0.48 - No 
Nestedness NODF EF 71.98 1.71 - 0.22 - No 
Nestedness NODF FE 71.98 17.48 - 0.47 - No 
Nestedness NODF FF 71.98 -3.1 - -0.13 - Yes 
Nestedness BR EE 8 -11.44 - -31.2 - Yes 
Nestedness BR EF 8 -6.5 - -9.91 - Yes 
Nestedness BR FE 8 -19.15 - -29.4 - Yes 
Nestedness BR FF 8 -2.85 - -3.65 - Yes 
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Appendix B: Continuation of Methodology 
 
 
Watershed delineation in ArcMap using ArcHydro 
1. Download ArcHydro from: 
http://resources.arcgis.com/en/communities/hydro/01vn00000010000000.htm 
a. To activate ArcHydro, open ArcMap. Under “Customize” tab, select “Toolbars” 
and click on ArcHydro. 
2. Download and import USGS National Elevation Dataset (NED) Layers from: 
https://gdg.sc.egov.usda.gov/GDGOrder.aspx 
a. Use 1/3-arc-second (or 10 meters) for best resolution 
b. Use this same website to also download soil layers, NHD layers, etc. 
3. If multiple layers downloaded, create a mosaic (merge multiple rasters into an existing 
raster dataset) 
a. In ArcMap search bar, type “mosaic”  select “Mosaic (Data Management 
Tool)” 
b. Input rasters: raster datasets to be merged together 
Target raster: existing raster dataset that input rasters will be merged into 
c. Make sure “Build pyramids” is checked in “Environments” tab 
i. Building pyramids is essential to ensure layers are built properly. To check 
if pyramids were built, go to File  Analyze Map 
4. Fill in sinks in raster dataset to remove imperfects and missing data 
a. ArcHydro  Terrain Preprocessing  DEM Manipulation  Fill sinks 
5. Creating contour lines is a great way to visually see elevation levels, and as a check to 
make sure ArcMap is delineating flow direction and watersheds correctly 
a. ArcToolbox  Spatial Analyst Tools  Surface  Contour 
b. Input raster: select your Fill DEM layer 
Contour interval: interval distance between line (measured in meters) 
i. It is recommended to create several contour layers (10, 30, and 50 meters) 
6. Determine flow direction, creating a raster of flow direction from each cell to its steepest 
downslope neighbor 
a. ArcHydro  Terrain Preprocessing  Flow Direction 
b. Hydro DEM: select your Fill DEM layer 
c. Outer wall polygon: null 
7. Determine flow accumulation, creating a raster of accumulated flow into each cell 
a. ArcHydro  Terrain Preprocessing  Flow Accumulation 
b. Flow Direction grid: select your Flow Direction layer 
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c. Wait forever. It is common that this layer will take several hours to several days 
to create, depending on size of direction layer. *Note: this layer will not work if 
pyramids have not been built properly on previous layers. 
8. The Flow Accumulation layer is difficult to visualize unless logarithmic transformations 
is applied. An easier step is to define streams, or “River Lines” 
a. ArcHydro  Terrain Preprocessing  Steam Definition 
b. Flow Accumulation grid: select your Flow Accumulation layer 
c. Number of cells: It is recommended to create several River Lines in order to 
determine which layer best represents the waterbody of interest. The lower the 
number (such as 100), the more tributaries are built; higher numbers (such as 
5000), only the mainstem and major tributaries are built. The recommended 
number of cells are 100, 1000, 2500, and 5000. Use same layer for each 
watershed delineation. 
9. Pour points is the point where all water flows into it; this is the point that will create the 
watershed. 
a. Open ArcCatalog in ArcMap. Right click on desired folder and select New 
Shapefile. 
b. Feature Type: Point 
Input desired coordinate system 
c. In the Editor toolbar (Customize tab  Toolbars  Editor) select Start Editing. 
Select newly created shapefile. 
d. Editor toolbar  Create Features icon   Click on created shapefile 
e. Using the desired River Lines layer, place a dot on the pixel where you want 
watershed to be delineated from 
f. Editor  Save Edits  Stop Editing 
10. The final step is to delineate the watershed (finally) 
a. ArcToolbox  Spatial Analyst Tools  Hydrology  Watershed 
b. Input flow direction: select your flow direction layer 
Input raster/feature: select your pour point shapefile 
c. Make sure “Build pyramids” is checked in “Environments” tab 
11. Determining watershed (or drainage area) of the watershed raster layer 
a. ArcToolbox  Conversion Tools  From Raster  Raster to Polygon 
b. In the new polygon layer, open Attributes Table 
c. Table Options  Add Field 
i. Name: Area 
Type: Long Integer 
d. Right click on title of new field in Attribute Table  Calculate Geometry 
i. Units should be in square meters 
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Calculating stream sinuosity in ArcMap 
There are toolbox packages and python codes that can calculate sinuosity. However, they require 
ArcMap 10.1 or earlier, and toolbox packages have not yet been upgraded to ArcMap 10.5 (when 
this is written). Python codes require previous knowledge of python scripting, but the codes and 
python toolboxes also work better in earlier versions of ArcMap. This document shows how to 
calculate sinuosity on ArcMap regardless of version used. These calculations are based from 
Rosgen’s 1994 classification of natural rivers. 
 
 
1. Add stream layer map. NHD stream layers are used in this project (website to download: 
https://gdg.sc.egov.usda.gov/GDGOrder.aspx). 
2. Activate the Drawing toolbar 
Customize  Toolbars Draw 
3. Select “Line” from list of options    
4. Using the “Line” function, trace the stream as accurately as possible. For long stretches 
of streams, multiple line segments can be used. 
5. After stream has been traced, under the “Drawing” tab, select “Convert graphics to 
features.” Follow the steps. Save the output as a shapefile. 
6. In the new shapefile, open the attributes table. Add a new field (Table Options  Add 
field) labeled “Length” as a long integer. 
7. Highlight the new “Length” cell in the attribute table, right click, and select “Calculate 
Geometry.” Follow steps. The length of the stream will appear in this cell. 
8. Using the “Line” function in the Drawing tool, draw a straight line from the start of the 
stream to the desired end point. Be sure that where this line starts and ends is the same as 
the previous line drawn. 
9. Follow steps 5-7. 
10. The equation for sinuosity is:   
𝐿𝑒𝑛𝑔𝑡ℎ  𝑜𝑓  𝑠𝑡𝑟𝑒𝑎𝑚 𝑙𝑖𝑛𝑒
 
𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑠𝑡𝑟𝑎𝑖𝑔ℎ𝑡 𝑙𝑖𝑛𝑒 
11. A value of 1.0 indicates a perfectly straight line while a value of >1.5 indicates high 
sinuosity. 
 
 
*Note: The measure function can also be used to calculate lengths instead of creating line 
shapefiles. The disadvantage of using this technique is that the lines drawn are not permanent, 
and it  is easier to skip or miss large sections of the stream. 
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Calculating entrenchment ratio in ArcMap and ImageJ 
Hec-Ras is a common tool used to calculate stream entrenchment ratio, W/D ratio, and other 
stream morphological queries. However, Hec-GeoRas requires the version 10.2 ArcMap, and is 
time consuming in imputing layers. The method described below is an alternative way to 
calculate entrenchment ratio (as well as W/D ratio) if Hec-Ras is unavailable or the user has a 
higher version than 10.2 of ArcMap. 
 
 
1. Download ImageJ from: http://imagej.net/Fiji/Downloads 
2. Download and import USGS National Elevation Dataset (NED) Layers from: 
https://gdg.sc.egov.usda.gov/GDGOrder.aspx 
a. Use 1/3-arc-second (or 10 meters) for best resolution 
3. If multiple layers downloaded, create a mosaic (merge multiple rasters into an existing 
raster dataset) 
a. In ArcMap search bar, type “mosaic”  select “Mosaic (Data Management 
Tool)” 
b. Input rasters: raster datasets to be merged together 
Target raster: existing raster dataset that input rasters will be merged into 
c. Make sure “Build pyramids” is checked in “Environments” tab 
i. Building pyramids is essential to ensure layers are built properly. To check 
if pyramids were built, go to File  Analyze Map 
4. It is recommended to project the DEM as a UTM so the graphs produced will be in 
meters. To do this, right click on the Fill DEM layer  Data Frame properties  
Coordinate System  select desired UTM projection  Apply 
5. Fill in sinks in raster dataset to remove imperfects and missing data 
a. ArcHydro  Terrain Preprocessing  DEM Manipulation  Fill sinks 
6. Activate 3D Analyst 
a. Customize  Toolbars  3D Analyst 
7. In the 3D Analyst toolbar, select the Fill DEM as working layer   
8. Use the Interpolate Line  function to draw a line over the streambed of interest. Be 
sure the line is perpendicular to the river channel and is long enough to pick up the flood 
plain. 
9. While the line is highlighted, select Profile Graph   
10. A graph is produced, similar to the example graph in Figure 10. Right click graph 
Properties  change title of graph  Apply 
11. Export the graph: Right click graph  Export 
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Figure 10: Cross section of small order stream in the Neches River drainage basin. 
 
 
 
a. Save graph as a JPEG 
b. Change the size of the graph (Have width be at least 500 pixels). 
12. Open ImageJ, and open the graph. The first step is to set the scale of the pixels. 
a. Select the Line icon  and draw a straight line connecting the first two tick 
marks on the x-axis, as seen in Figure 11. 
 
 
 
Figure 11: Standardizing length by measuring the x-axis 
 
 
 
b. Analyze  Set scale. Record the “Distance in pixels” value to later use. Set the 
known distance as the distance between the two tick marks. In this example it is 
500. Change the unit of measurement to Meters. Click OK. 
13. The next step is to determine the bankfull stage of the cross section. Measure the distance 
of the bankfull stage. To see the length of the line, “Ctrl + m”. To set the line go to Edit 
 Clear. This is the “Bankfull Width” measurement. 
14. To measure the height of the bank, you need to set the scale on the y-axis. Repeat step 12. 
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a. Measure the depth of the line you just created to the lowest point on the graph. To 
see the length of the line, “Ctrl + m”. To set the line go to Edit  Clear. This is 
the “Bankfull Depth” measurement. 
15. Double the length of “Bankfull Depth” line, and draw a new line with that length. This is 
the “Floodplain Depth” measurement. 
16. To measure the length at the new height (Floodplain Depth), go to Analyze  Set scale. 
Put the previous “Distance in pixels” value and the known distance for the x-axis. It is 
important that this scale is exactly the same as the first time the x-axis was measured. 
a. Measure the length of the river channel at the new height. To see the length of the 
line, “Ctrl + m”. To set the line go to Edit  Clear. This is the “Floodplain 
Width” measurement. 
17. To  calculate entrenchment  ratio, use this equation:  
𝐹𝑙𝑜𝑜𝑑𝑝𝑙𝑎𝑖𝑛 𝑤𝑖𝑑𝑡ℎ
 
𝐵𝑎𝑛𝑘𝑓𝑢𝑙𝑙 𝑤𝑖𝑑𝑡ℎ 
Figure 12 shows the end graph result. The entrenchment ratio for this example is 1.19. 
 
 
 
Figure 12: Diagram of a cross section of a stream, zoomed in to show measurement lines for entrenchment ratio. 
 
 
 
These calculations are based from Rosgen’s 1994 classification of natural rivers. Below are the 
ratios described in his paper: 
Entrenched streams have the ratio < 1.4 
Moderately entrenched streams have the ratio 1.4-2.2 
Slightly entrenched streams have the ratio > 2.2 
